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Executive Summary 

In the aftermath of Hurricane Florence, the North Carolina Division of Water Resources (DWR) conducted 

supplemental monitoring of surface waters to help quantify and characterize potential impacts that a storm of 

CƭƻǊŜƴŎŜΩǎ ǎƛȊŜ ŀƴŘ ƛƴǘŜƴǎƛǘȅ Ƴŀȅ ƘŀǾŜ ƘŀŘ ƻƴ ǘƘŜǎŜ ǊŜǎƻǳǊŎŜǎΦ 5ǳŜ ǘƻ ǘƘŜ ǳƴǇǊŜŎŜŘŜƴǘŜŘ precipitation across 

parts of eastern and central NC, flood conditions caused major issues for wastewater treatment facilities, as well 

as extensive flooding of urban and agricultural areas. When conditions were safe for travel, DWR staff began surface 

water monitoring to evaluate the effects of flooding and damage associated with the storm. Based on information 

reported to DWR from staff and public resources, a study plan was developed to evaluate CƭƻǊŜƴŎŜΩǎ ƛƳǇŀŎǘ ƻƴ 

surface waters. This assessment effort spanned nine river basins across eastern and central North Carolina. Results 

of this monitoring activity were compared to historic five-year median (baseline) values established in the 2016 

Integrated Report1 and results from previous hurricane monitoring efforts.  

A summary of the DWR Hurricane Florence survey is described below: 

¶ Flood Conditions 
The Neuse and Cape Fear River basins experienced flood conditions similar to those observed during 
Hurricane Matthew; however, flood conditions persisted longer at nearly every gaging station 
evaluated for this report. Peak flood stages in the Neuse River were two to three feet lower than 
Matthew peaks, and Cape Fear peak stages were two to three feet higher. The Tar River felt little to 
no impacts from Florence, while the White Oak, Lumber and Roanoke Rivers all experienced higher 
ǇŜŀƪ ǎǘŀƎŜǎ ŀƴŘ ƭƻƴƎŜǊ ŘǳǊŀǘƛƻƴǎ ƻŦ ŦƭƻƻŘƛƴƎ ŎƻƳǇŀǊŜŘ ǘƻ IǳǊǊƛŎŀƴŜ aŀǘǘƘŜǿΩǎ ƛƳǇŀŎǘǎΦ 

¶ Area Evaluated 
5²wΩǎ IǳǊǊƛŎŀƴŜ CƭƻǊŜƴŎŜ wŜǎǇƻƴǎŜ ŜŦŦƻǊǘ ǎǇŀƴƴŜŘ ƴƛƴŜ ǊƛǾŜǊ ōŀǎƛƴǎΤ ŎƻǾŜǊƛƴƎ ŀōƻǳǘ ǘǿƻ ǘƘƛǊŘǎ ƻŦ 
the state. Staff collected samples across 31 counties for a period of up to 10 weeks to evaluate 
conditions at 55 sites across the Catawba, Cape Fear, Lumber, Chowan, White Oak, Roanoke, Yadkin, 
Tar and Neuse River basins. 

¶ Monitoring Summary 
Over 13,800 individual data points were collected during two phases of physical and chemical 

monitoring. Phase 1 effort was completed October 19, 2018. Phase 2 effort was completed November 

26, 2018. 

¶ Short term effects ς within four weeks of Hurricane Florence 
Levels of fecal coliform, total Kjeldahl nitrogen (TKN), and biological oxygen demand (BOD) had elevated 
concentrations when compared to baseline data, and dissolved oxygen (DO) concentrations fell below 
standard levels in over 25% of observed values. Specific conductivity values were lower when 
compared to baseline Ambient Monitoring System (AMS) data. 

¶ Long term effects ς four to eight weeks following Hurricane Florence 
Most parameters returned to normal baseline conditions after the initial round of sampling; however, 
nitrate + nitrite (NOX) and fecal coliform bacteria concentrations were observed at levels much higher 
than what is considered baseline conditions. 

¶ Coal Ash Sampling 
wŜǇƻǊǘǎ ƻŦ ŦƭƻƻŘƛƴƎ ŀƴŘ ƛƴǳƴŘŀǘƛƻƴ ŀǘ ǘǿƻ Ŏƻŀƭ ŀǎƘ ǎǘƻǊŀƎŜ ŦŀŎƛƭƛǘƛŜǎΣ 5ǳƪŜ 9ƴŜǊƎȅΩǎ IΦCΦ Lee Plant in 
Goldsboro and Sutton Steam Plant in Wilmington, prompted supplemental sampling for total and 
dissolved metals in and around these locations. 
 

Routine ambient monitoring at the time of this writing may further indicate a return to historic levels for these 
lingering elevated constituent levels. 
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Introduction 

This publication serves as a summary of surface water quality conditions following Hurricane Florence in through 

the coastal plain, sand hills and piedmont regions of North Carolina. In the aftermath of the storm, the NC Division 

of Water Resources (DWR) assessed surface water quality across the affected area to measure the impact of the 

storm. Initial environmental monitoring priorities were based on safety, accessibility, and emergency needs. 

Once the storm had passed, DWR staff developed a strategy for evaluating the ǎǘƻǊƳΩǎ impacts on surface waters. 

Part of this evaluatƛƻƴ ǇǊƻŎŜǎǎ ŎƻƳōƛƴŜŘ ƛƴŎƛŘŜƴǘ ǊŜǇƻǊǘǎ ŎƻƭƭŜŎǘŜŘ ǘƘǊƻǳƎƘ 5²wΩǎ ǎǘƻǊƳ ǘǊŀŎƪŜǊ ŀǇǇƭƛŎŀǘƛƻƴ ǿƛǘƘ 

historical data to provide staff with a calculated approach to response monitoring (Figure 8). Hurricane Matthew, 

which impacted the NC in October 2016, provided a recent reference point for values observed during Hurricane 

Florence and was used as a model for this response effort2.  

Florence impacted nine major river basins in North Carolina including: Tar-Pamlico, Neuse, Cape Fear, Lumber, 

Roanoke, Chowan, White Oak, Catawba, and Yadkin Pee-Dee. To give the best overall assessment of water quality, 

sampling locations for Florence and Matthew were picked based on the long-term Ambient Monitoring System 

(AMS) as well as areas of historic/special concern, such as coal ash storage facilities and agricultural waste 

retention ponds. Conditions at selected sites were evaluated for the standard physical water parameters of 

temperature, pH, conductivity and dissolved oxygen, as well as any chemical constituents that were considered 

relevant to potential upstream impacts. Parameters considered indicators of water quality associated with waste 

treatment facilities, livestock operations, chemical spills and nutrient loading to river systems were also evaluated. 

Sampling was conducted west-to-east as floodwaters receded and roads became passable. The highest priority in 

conducting this response was the safety of Division personnel. Staff were instructed to follow all posted road 

closings and to closely monitor travel conditions prior to any sampling activity. Water quality conditions related 

to Florence were monitored over a two-month period beginning on September 22, 2018 and concluding on 

November 26, 2018. Through four rounds of sampling, and two separate evaluation phases, one sample was 

collected from each selected site once over a two-week period. Some sites were eliminated from Phase 2 sampling 

after Phase 1 data demonstrated minimal impacts to selected waterways, or where acute impacts had passed. 
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Hurricane Florence 

Tropical storm systems are an annual threat to North Carolina. These storms often produce conditions that can 

move large amounts of sediment, damage infrastructure and reshape topography through processes of erosion, 

storm surge, and inundation. Hurricane Florence formed near the western Coast of Africa and followed a near-

straight path across the Atlantic Ocean. After peaking as a Category 4 storm three days prior, Hurricane Florence 

weakened before making landfall at Wrightsville Beach, NC on the morning of September 14, 2018. As a Category 

1 storm at the time of landfall, Florence delivered sustained winds of up to 90mph and dropped record amounts of 

rain as it moved west along the North and South Carolina border, resulting in widespread flooding. Storm surge 

from this hurricane ranged from two to nine feet above sea level3. For a recent comparison of a system with similar 

magnitude, Hurricane Matthew, which occurred on October 8- 9, 2016, is cited in this report as a reference point. 

Although Mathew had a more north-easterly trajectory along the coast, comparable areas of North Carolina were 

affected by both storms. Figure 1 depicts the paths of these two major storms across the state. 

 

 
Figure 1. Storm Tracks of Hurricane Florence and Hurricane Matthew 
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Rainfall 

Hurricane FlorenceΩǎ historic rainfall accumulated over 30 inches in areas along the coast, breaking North 

/ŀǊƻƭƛƴŀΩǎ ǊŜŎƻǊŘ ŦƻǊ ǘƘŜ Ƴƻǎǘ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ǇǊƻŘǳŎŜŘ ŦǊƻƳ ŀ ǎƛƴƎƭŜ ǎǘƻǊƳ5. Figure 2 shows the rainfall totals across 

the southern coast, Sandhills and Piedmont for the days bracketing the landfall of Florence. Rainfall totals 

averaged around 3 inches in the northern part of the coastal plain, 6-12 inches in the central piedmont, and historic 

rainfalls of 30+ inches along the southeastern coastal plain from Lumberton to Havelock. Storm surge from 

Wilmington to New Bern contributed up to nine feet of additional flooding. Some parts of the state were 

measuring one of the wettest years on record prior to the arrival of Florence, so surface and groundwater storage 

was already at near-capacity. Hurricane Michael, which is outside of the scope of this document, arrived two weeks 

after Florence and further exacerbated flood conditions. 

Rainfall associated with Florence affected every watershed within the state, however sampling efforts for this study 

focused on the nine eastern-most basins which experienced the most intense rainfall. Although most of the 

precipitation associated with Florence occurred in a 48-hour window, the flushing and drainage effect of these 

basins shows peak flow several days after the storm had passed. 

 

Figure 2: Observed rainfall from September 11-18, 2018 

Data layer courtesy of the National Weather Service 
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Flooding 

 ¦{D{ ǎǘǊŜŀƳ ƎŀǳƎŜǎ ƭƻŎŀǘŜŘ ǘƘǊƻǳƎƘƻǳǘ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ ǊƛǾŜǊ ōŀǎƛƴǎ were examined to determine stage data = 
and to understand the progression and duration of flooding over time and location (i.e. upstream vs downstream). 
This comparison shows water levels during sampling compared to water levels during Hurricane Matthew flood 
stage. Due to the bands of the storm and variety in precipitation amounts, different areas of the state received 
varying amounts of rainfall. Combined with the geomorphological characteristics of each river basin, this explains 
differences in each river stage over time. Trends in stage data over the month of September 2018 followed 
expected patterns as flooding receded west to east, with the larger basins (Cape Fear and Neuse) remaining above 
flood stage for longer periods than the smaller catchments (Lumber and White Oak). The Neuse and Cape Fear 
River basins experienced flood conditions similar to those observed during Hurricane Matthew; however, flood 
conditions persisted longer at nearly every gaging station evaluated for this report.  

Peak flood stages in the Neuse River were two to three feet lower than Hurricane Matthew peaks, and Cape Fear 
peak stages were two to three feet higher. The Tar River felt little to no impacts from Hurricane Florence, while 
the White Oak, Lumber and Roanoke Rivers all experienced higher peak stages and longer durations of flooding 
compared to Hurricane Matthew. Smaller basins peaked almost immediately after rainfall ceased, whereas the 
larger river basins crested up to a week after the storm (Figures 5 & 6). 

 
Figure 3. The City of Lumberton Water Plant on September 19, 2018 

Photo courtesy of NOAA 
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Figure 4. Widespread flooding at the intersection of US70 and US258 in Kinston on September 21, 2018 

Satellite imagery courtesy of Google Earth 

 
 
 

Table 1. National Weather Service Flood Stage, Peak Stage During Hurricane Florence, and Peak Stage During 
Hurricane Matthew at USGS Stream Gage Locations in Eastern Portions of North Carolina River Basins. 
   

NWS 
Flood 
stage 
(ft) 

Hurricane Florence (2018) Hurricane Matthew (2016) 

River 
Basin 

USGS 
Station 
Number 

 

Station Name Peak 
Stage 
(feet) 

 

Peak Stage 
Date 

Days 
Above 
Flood 
Stage 

 

Peak Stage 
(feet) 

 

Peak Stage 
Date 

Days 
Above 
Flood 
Stage 

Roanoke 
2081000 Scotland Neck 28 28.81 6-Oct-2018 9 26.89 22-Oct-2016 2 
2081054 Williamston 12 11.73 7-Oct-2018 0 11.46 25-Oct-2016 0 

Tar 
2082585 Rocky Mount 21 16.19 17-Sep-2018 0 28.14 10-Oct-2016 5 
2083500 Tarboro 19 14.9 20-Sep-2018 0 36.17 13-Oct-2016 10 

 2089000 Goldsboro 18 27.58 19-Sep-2018 11* 29.63 12-Oct-2016 10 
Neuse 2089500 Kinston 14 25.78 21-Sep-2018 15 28.22 14-Oct-2016 14 

 2091814 Fort Barnwell 13 17.92 22-Sep-2018 15 20.43 15-Oct-2016 13 
White Oak 2093000 Gum Branch 14 25.75 15-Sep-2018 6 18.59 9-Oct-2016 2 

 2104000 Fayetteville 35 61.58 19-Sep-2018 8 57.3 10-Oct-2016 5 
Cape Fear 2105500 Tarheel 42 38.66 20-Sep-2018 0 36.07 10-Oct-2016 0 

 2105769 Lock #1 near Kelly 24 30.68 21-Sep-2018 10**  - - - 
 2133500 Hoffman 8 11.49 17-Sep-2018 2 8.53 9-Oct-2016 1 

Lumber 2133624 Maxton - 17.74 19-Sep-2018 - 15.21 11-Oct-2016 - 
 2134500 Boardman - 14.37 18-Sep-2018 - 14.31 11-Oct-2016 - 

*Stage data not reported from 9/17 to 9/18 

**Stage data not reported from 9/18 to 9/19 
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Figure 5. River Stage Data from Oct. 6 ς 26, 2016 During Hurricane Florence at USGS Stream Gage Locations in Eastern Portions of Roanoke, Tar and Neuse 
 

River Basins 

9 



Figure 6. River Stage Data from Oct. 6 ς 26, 2016 During Hurricane Florence at USGS Stream Gage Locations in Eastern Portions of White Oak, Cape 
 

Fear and Lumber River Basins 
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Discharge 

Examination of river discharge data allows for accumulated rainfall flowing through a system to be measured. Sites 

used to investigate the flow associated with Hurricane Florence were chosen with the following criteria: 

watershed representation, rainfall area, absence of tidal influence, availability of USGS discharge data, and an 

analysis of Hurricane Matthew data as a reference of a storm of similar magnitude2. Discharge volumes for the 

river basins sampled during the Florence response are provided for comparison to flood conditions (Figure 7) of 

the flow and volume of water being transported downstream during the course of the flooding event. Analysis of 

USGS discharge data on the downstream sites of the Lumber, Neuse, and Cape Fear basins were very similar to 

data from Hurricane Matthew. The New River basin recorded far higher volume compared to Matthew, while the 

Tar Basin experienced discharge far lower than Hurricane Matthew. The differences in discharge are indicative of 

the varying levels of precipitation over the impacted area, duration of rainfall, and the amount of groundwater 

present in an affected area before both storms. 

 

 
Table 2. Historic Mean Discharge, Peak Discharge During Hurricane Florence and Peak Discharge During 
Hurricane Matthew at Five USGS Stream Gage Locations in Eastern Portions of North Carolina River Basins 
     Florence (2018)  Matthew (2016) 

 
River Basin 

USGS 
station 
number 

 
Station name 

Drainage 
area 
(mi²) 

Peak 
discharge 

daily 
mean 
(cfs) 

 
Peak 

Discharge 
Date 

Historic 
Mean 

Discharge 
at Peak 

Date (cfs) 

Duration 
of   

Historic 
average 

data 

Peak 
Discharge 

daily 
mean 
(cfs) 

 
Peak 

Discharge 
date 

 2082585 Rocky Mount 925 - - - - - - 

Tar 2083500 Tarboro 2183 - - - - - - 

 2084000 Greenville 2660 9210 21-Sep-18 4990 22 years 44300 14-Oct-16 

 2089000 Goldsboro 2399 - - - - - - 

Neuse 2089500 Kinston 2692 - - - - - - 

 2091814 Fort Barnwell 3900 39800 22-Sep-18 2780 22 years 49300 15-Oct-16 

White Oak 2093000 Gum Branch 94 24600 15-Sep-18 550 55 years 3620 9-Oct-16 

 2104000 Fayetteville 4395 - - - - - - 

Cape Fear 2105500 Tarheel 4852 - - - - - - 

 2105769 Lock #1 near Kelly 5255 76300 21-Sep-18 5630 37 years 63000 14-Oct-16 

 2133500 Hoffman 183 - - - - - - 

Lumber 2133624 Maxton 365 - - - - - - 

 2134500 Boardman 1228 34900 18-Sep-18 1540 88 years 36600 11-Oct-16 

 
 
 
 
 
 
 
 
 
 
 

11 



 

 

Figure 7. Historic Mean Discharge, Peak Discharge During Hurricane Florence and Peak Discharge During Hurricane Matthew at Five USGS Stream 
Gage Locations in Eastern Portions of North Carolina River Basins 
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